The Caribbean plate and its boundaries with north and south America, marked by subduction and large intra-arc strike-slip faults, are a natural laboratory for the study of strain partitioning and interseismic plate coupling in relation to large earthquakes. Here we use most of the available campaign and continuous GPS measurements in the Caribbean to derive a regional velocity field expressed in a consistent reference frame. We use this velocity field as input to a kinematic model where surface velocities results from the rotation of rigid blocks bounded by locked faults accumulating interseismic strain, while allowing for partial locking along the Lesser Antilles, Puerto Rico, and Hispaniola subduction. We test various block geometries, guided by previous regional kinematic models and geological information on active faults. Our findings refine a number of previously established results, in particular slip rates on the strike-slip faults systems bounding the Caribbean plate to the north and south, and the kinematics of the Gonave microplate. Our much-improved GPS velocity field in the Lesser Antilles compared to previous studies does not require the existence of a distinct Northern Lesser Antilles block and excludes more than 3 mm/yr of strain accumulation on the Lesser Antilles-Puerto Rico subduction plate interface, which appears essentially uncoupled. The transition from a coupled to an uncoupled subduction coincides with a transition in the long-term geological behavior of the Caribbean plate margin from compressional (Hispaniola) to extensional (Puerto Rico and Lesser Antilles), a characteristics shared with several other subduction systems.
Introduction
Most of the seismic energy of our planet is released at subduction zones by earthquakes that occur either at the plate interface or on active faults in the overriding plate. It has long been thought that interplate coupling in such contexts-hence their seismogenic potential-depended for a large part on the age of the subducting plate [Ruff and Kanamori, 1980] . Recent large subduction earthquakes have shaken this paradigm, to the point that some now claim that all subduction have the capacity of generating megaearthquakes regardless of the age of the subducting crust [McCaffrey et al., 2008] . The issue has therefore refocused on spatial and temporal variations of interplate coupling and how these may relate to asperities and barriers on the plate interface and to the deformation of the overriding plate [e.g., Chlieh et al., 2011; Wallace et al., 2012a] .
For instance, recent results along the Chilean subduction indicate that lateral variations of interseismic coupling are correlated with the rupture areas of the Maule (2011, M w 8.8) and Valdivia (1960, M w 9.5) earthquakes, and with the frictional properties of the plate contact derived from fore-arc morphology [Cubas et al., 2013] . Similarly, the Colombian subduction shows lateral variations of interseismic coupling correlated with large historical earthquakes and with the segmentation of the upper plate into continental slivers translating with respect to both the Nazca and South American plates [Nocquet et al., 2014] .
The subduction of the north American plate under the Caribbean plate ( Figure 1 ) also shows lateral variations of interseismic coupling correlated with a segmentation of the tectonic regime along the arc [Manaker et al., 2008] . Over a short distance, the plate boundary evolves from a frontal subduction (Lesser Antilles) with arc-parallel extension to a very oblique subduction (Puerto Rico) with little deformation of the arc, and to a subduction-collision (Hispaniola) with large strike-slip faults in the overriding plate and an active mountain range culminating at 3300 m (Pico Duarte, Dominican Republic). Interestingly, the large historical earthquakes that struck the Lesser Antilles subduction may not be interplate events [Stein et al., 1982] , while those appear to concentrate in the north at the Hispaniola collision. [1960 [ , Engdahl et al., 1998 ] color coded as a function of depth. Earthquake focal mechanism are from the Global CMT Catalog (1976 -2014 [Ekstrom et al., 2012] , thrust focal mechanisms are shown in blue, others in red. H = Haiti, DR = Dominican Republic, MCS = mid-Cayman spreading center, WP = Windward Passage, EPGF = Enriquillo Plaintain Garden fault.
The hypothesis has been put forward that this geological segmentation was correlated with interseismic coupling, reflecting the ability of the plate contact to transfer shear stress to the overriding plate . The segmentation would then also reflect the seismogenic capacity of the plate interface and possibly of the intra-arc faults. Here we test this hypothesis by jointly estimating interplate coupling and block kinematics in the whole Caribbean region east of 85 ∘ W. We also aim at providing a first-order kinematic description of surface deformation across the study area that can inform seismic hazard assessments and be compared with paleoseismological information. We do so using a new combined velocity field derived from campaign and continuous measurements at 300 sites, a 5 times increase since [Manaker et al., 2008] . In particular, we include a new data set that significantly improves resolution in Puerto Rico and the Lesser Antilles and address the southern part of the Lesser Antilles subduction and the Caribbean plate boundary in South America. major faults. We briefly describe these structures thereafter as they will serve to define the geometry of our kinematic model.
At the northeastern edge of the study area (Figure 1 ), the Oriente fault bounds the Cayman trough, a 45-50 Ma oceanic pull apart basin [Rosencrantz et al., 1988] , to the north. Earthquake focal mechanisms show pure left-lateral strike-slip motion from the mid-Cayman spreading center to the southern Cuban margin [Perrot et al., 1997] where the fault trace slightly changes direction to become transpressional [Calais and de Lepinay, 1991] , with earthquake focal mechanisms showing a combination of thrust and strike-slip faulting [Van Dusen and Doser, 2000] . To the east, the Oriente fault pursues its course through the Windward Passage, along the northern Haitian coast as the "Septentrional fault" [Calais and de Lépinay, 1990] , then farther east on land through the Cibao Valley of the Dominican Republic [Calais and de Lépinay, 1992] where paleoseimological studies indicate a Holocene slip rate of 9 ± 3 mm/yr [Prentice et al., 2003] , in agreement with GPS estimates . The Septentrional fault extends offshore to the east as far as the Mona rift, one of the active structures marking the extensional boundary between Hispaniola and Puerto Rico through the Mona Passage [Grindlay et al., 1997; Gestel et al., 1998 ]. The continuation of the Septentrional fault east of the Mona Passage is less clear (Figure 2) , it may gradually merge with the Puerto Rico trench through a series of small faults including the Bunce and Bowin faults [ten Brink et al., 2004; Grindlay et al., 2005b] . The Septentrional fault was the locus of significant historical earthquakes, among which the destructive 1842, M8.0, Cap Haitian earthquake in Haiti and the 1562, M7.7, Santiago earthquake in the Dominican Republic [Scherer, 1912; McCann, 2006; ten Brink et al., 2011] .
The Cayman trough is bounded to the south by a second series of left-lateral strike-slip faults, starting at the mid-Cayman spreading center with the purely strike-slip Walton fault [Rosencrantz and Mann, 1991] . The Walton fault connects through Jamaica with the Enriquillo-Plantain Garden fault (EPGF) through a series of relays whose geometry remains debated [Benford et al., 2012a] . The EPGF continues offshore as a purely strike-slip fault east of Jamaica then on land in southern Haiti where it is marked by a well-defined narrow valley continuing eastward just north of Port-au-Prince and into the Enriquillo Valley in the Dominican Republic [Mann et al., 1995] . Farther east, the EPGF appears to merge with thrust faults at the western termination of the Muertos trough [Mauffret and Leroy, 1999] . A number of historical earthquakes, possibly located on that fault, struck southern Hispaniola between 1701 and 1770 [Bakun et al., 2012] . The M w 7.1, 2010, Haiti earthquake ruptured one of the subsidiary faults of the EPGF system close to Port-au-Prince in a transpressional context [Calais et al., 2010; Hayes et al., 2010] . No geological estimate of slip rate is yet available for that fault.
The Muertos trough marks the front of a large accretionary prism that has developed along the southern margin of the Dominican Republic and Puerto Rico [Byrne et al., 1985; Granja Bruña et al., 2009] . It is associated with some seismicity, in particular a M s 6.7 thrust faulting event in 1984, that may mark the contact between a downgoing slab of Caribbean lithosphere under the Greater Antilles island arc [McCann and Sykes, 1984a] . Evidence for sediment deformation and active faulting becomes more tenuous eastward toward the Anegada Passage, a system of basins apparently bounded by active strike-slip and normal faults that separate Puerto Rico and the Virgin Islands from the Lesser Antilles to the south [Masson and Scanlon, 1991; Jany et al., 1990] . The connection between the Anegada faults and the Puerto Rico/Lesser Antilles subduction is unclear, we will highly simplify its geometry in our model.
The northern margin of the Greater Antilles island arc marks the contact between the Caribbean plate and the obliquely subducting oceanic lithosphere of the North American plate. It is marked, in the west, by a narrow basin between the Bahamas carbonate platform and the island of Hispaniola, bounded along its southern edge by active compressional features revealed by side-scan sonar and seismic reflection data [Dillon et al., 1996; ] that define the North Hispaniola fault. Active shortening perpendicular to that fault is shown by the series of M7.2-8.1 thrust earthquakes that struck the northeastern Dominican Republic in 1943 -1953 ] and by the more recent M w 6.4 thrust earthquake of 2003 offshore the northern Dominican Republic [Dolan and Bowman, 2004] . The North Hispaniola basin and fault are continuous to the east with the Puerto Rico trench, deepest point of the Atlantic Ocean (>8 km) and largest negative free-air gravity anomaly on Earth (−400 mGals), which marks the oblique subduction of the Atlantic oceanic lithosphere under Puerto Rico [Sykes et al., 1982; Grindlay et al., 2005b] .
To the east, the Puerto Rico trench curves around the Virgin islands but remains continuous with the Lesser Antilles trench further south. Contrary to Puerto Rico where plate motion is highly oblique to the trench direction, in the Lesser Antilles plate motion becomes perpendicular to the trench. A significant number of small to 10.1002/2014JB011779 moderate earthquakes define the interface between the subducting slab and the overriding island arc along most of the Lesser Antilles subduction. Seismicity is, however, less prominent south of 15 ∘ N, coincident with the development of a thick accretionary prism fed by sediments shed from the South American continent [Le Pichon et al., 1990] . North of that latitude, the arc is crosscut by a series of normal faults [Feuillet et al., 2002] , the Anegada fault zone possibly representing the northernmost of that extensional system. At its southern termination, the lesser Antilles subduction bends around toward South America and connects with a mostly strike-slip plate boundary. GPS studies have shown that ∼65% of the relative motion between the Caribbean and the South American plates was accommodated by strike-slip faulting on Trinidads' Central Range fault, a major structure connecting with the southern extent of the Lesser Antilles near Tobago and crossing the central part of Trinidad. Although it currently appears aseismic, paleoseismic investigations have shown that the Central Range fault in Trinidad produced several large earthquakes between 2710 and 550 years B.P. [Prentice et al., 2010] . Additional motion most likely occurs on the Los Bajos fault of southern Trinidad and other offshore faults south of the island Soto et al., 2007] . To the east, the main plate boundary fault continues offshore with a transtensional relay in the Gulf of Paria [Babb and Mann, 1999] , then connects with the El Pilar-San Sebastian fault system which marks the Caribbean-South America in northern Venezuela [Mann et al., 1990 ]. An unknown quantity of north-south shortening is taken up by compressional, accretionary prism-like structures offshore Venezuela and Colombia that form the "South Caribbean Deformed Belt" [Kroehler et al., 2011] .
The paleoearthquake record of the El Pilar fault is well established by trench excavations and historical records of destructive earthquakes [Audemard et al., 2000; Mendoza, 2000] . Earthquake focal mechanisms and other kinematic indicators show pure right-lateral strike slip on vertical east-west trending planes [Audemard et al., 2005] . GPS measurements across the El Pilar fault are consistent with these results and show that the El Pilar fault accommodates the totality of the Caribbean-South America strike-slip motion (20 to 22 mm/yr) [Perez et al., 2011] . In addition, dense GPS measurements indicate up to 50% of aseismic slip on some segments of the El Pilar fault [Jouanne et al., 2011] . The plate boundary broadens further west, with right-lateral motion taken up by the transpressional Bocono fault in western Venezuela and strike-slip motion on the Oca fault [Dewey, 1972; Audemard et al., 2005] . The Bocono fault is a primarily right lateral strike-slip fault with a small component of compression [Schubert, 1982] . It merges with the El Pilar fault zone near Caracas and follows the Cordillera de Merida with a NE-SW trend. Early GPS measurements showed that the Bocono fault accommodates 9-11 mm/yr of dextral shear and ∼1 mm/yr of compression [Pérez et al., 2001] . The Bocono and Oca faults bound the triangular-shape Maracaibo block to the north and east, while its third boundary is marked by the less well-known Santa Marta-Bucaramanga fault system, where early GPS measurements indicate 6 ± 2 mm/yr of left-lateral slip [Trenkamp et al., 2002] .
Previous GPS-Based Models
Several attempts have been made to quantify the kinematics of plate boundary deformation in the Caribbean but only for specific plate boundary segments so far. Early on Dixon et al. [1998] used six GPS stations in the Dominican Republic to show eastward motion of the Caribbean plate with respect to North America at a rate twice faster than predicted by the Nuvel-1A geologic model [DeMets et al., 1994] , with slip accommodated on the Septentrional, Enriquillo, and North Hispaniola faults at rates that were then quite uncertain. The present-day kinematics of the Caribbean plate was later quantified in more detail by DeMets et al. [2000] , who used four GPS stations in the plate interior to compute its first geodetically derived angular velocity. They confirmed that the Caribbean plate motion was significantly faster than predicted by Nuvel-1A, which was later shown to result from a global bias introduced by earthquake slip vectors at obliquely convergent plate margins [DeMets and Dixon, 1999] . Additional GPS measurements in the northeastern Caribbean allowed Jansma et al. [2000] to show the existence of a Puerto Rico-Virgin Islands block independent from the Caribbean plate, while Calais et al. [2002] provided the first estimates of strain accumulation rates on regional faults in Hispaniola and showed strain partitioning in an oblique collisional context. In the northern Lesser Antilles, Lopez et al. [2006] observed a systematic misfit between their GPS-derived Caribbean/North America relative plate motion and slip vectors of thrust earthquakes. They interpreted this observation-dependent on the definition chosen for the Caribbean frame-as indicative of a Northern Antilles block distinct from the Caribbean plate and moving with respect to it at rates up to 5 mm/yr. This would be consistent with the slip partitioning model proposed by Feuillet et al. [2002 Feuillet et al. [ , 2010 on the basis of fault mapping and shallow focal mechanisms, which predicts 5 to 10 mm/yr of left-lateral shear along en échelon normal faults west of the islands and distributed trench parallel extension along the northern half of the Lesser Antilles.
The first regional-scale kinematic model for the Caribbean was proposed by Manaker et al. [2008] using a combined GPS solution covering Hispaniola and Puerto Rico, with a few sites in the northernmost part of the Lesser Antilles. They showed that the data were consistent with a simple block model with strain accumulation on the major plate boundary faults but with largely uncoupled Puerto Rico and Lesser Antilles subduction interfaces. They observed that the transition from a coupled to uncoupled plate interface coincided with the onset of oblique collision between the Greater Antilles island arc and the Bahamas platform [Grindlay et al., 2005a] . The number of reliable GPS sites available in the Lesser Antilles was however small and the predicted strain accumulation highly uncertain, leading to a wide range of possible earthquake and tsunami scenario [Hayes et al., 2014] . Manaker et al. [2008] results were updated locally following the 2010 Haiti earthquake [Calais et al., 2010] . A surprising result then, thanks to a new GPS data set in Haiti, was evidence for shortening across Hispaniola, consistent with the transpressional nature of the 2010 Haiti event. Benford et al. [2012a] then used a dense campaign GPS network in Jamaica and argued for ∼7 mm/yr of strike-slip motion across the island accommodated by the central Jamaican fault system on land (Rio Minho-Crawle River fault zone) and about 2 mm/yr of convergence offshore to the south of the island on unmapped faults on the northern Nicaragua rise. The combination of GPS velocities in Jamaica and Hispaniola allowed Benford et al. [2012b] to refine a regional kinematic model for the northern Caribbean by geodetically defining the boundary between the Gonave microplate [Mann et al., 1995] and the Hispaniola block of Manaker et al. [2008] through western Hispaniola. They provided new estimates for the angular velocities of the Gonave, Hispaniola, north Hispaniola, and Puerto Rico microplates.
No kinematic model is yet available for the southern boundary of the Caribbean plate but several regional studies have already placed constraints on fault slip rates and locking depth, as noted above. Pérez et al. [2001] and Weber et al. [2001] showed that the Caribbean plate is currently moving due east with respect to South America at 20-22 mm/yr, with pure right-lateral strike slip concentrated in a narrow region along the El Pilar fault in Venezuela, possibly experiencing aseismic slip [Jouanne et al., 2011] . In Colombia and northern Ecuador, GPS measurements show that plate boundary deformation involve the Maracaibo and North Andes blocks [Trenkamp et al., 2002; White et al., 2003] . The North Andes block is currently moving northward with respect to the Caribbean plate, consistent with recent evidence for large continental slivers along the south American margin from Peru to Ecuador [Nocquet et al., 2014] .
Though some is known-at least locally-on the first-order active tectonic features of the region, thanks to seismotectonic mapping, paleoseismology, and geodetic measurements, we are still lacking a geodetically consistent GPS velocity field covering the entire Caribbean plate and its boundaries. The complexity of plate boundary deformation in the region, the limited land areas, and the small number of GPS sites on the stable Caribbean plate require a large-scale approach in order to simultaneously estimate plate/block motions and plate boundary deformation in a kinematically consistent manner. The proximity of many GPS sites to active faults imposes that strain accumulation be accounted for, with the possibility of laterally variable coupling on subduction interfaces. In the following, we present a large-scale GPS velocity field covering the entire study, which we interpret in terms of rigid block motions and strain accumulation on locked or partially locked faults.
Data and Models

GPS Data Analysis
We processed data from 342 episodic and continuously recording GPS sites in the study area from 1994 onward using the GAMIT-GLOBK software package [Herring et al., 2010a] . The data are usually openly available on public databases or upon request from private ftp sites. We process double-difference phase measurements to solve for station coordinates, satellite state vectors, seven daily tropospheric delay parameters per site, two parameters for horizontal tropospheric gradients, and phase ambiguities using final satellite orbits from the International Global Navigation Satellite Systems (GNSS) Service (IGS), Earth orientation parameters from the International Earth Rotation Service (IERS), applying corrections for solid Earth tides, polar tides, time-variable ocean loading following the IERS conventions 2010 [Petit and Luzum, 2010] and antenna phase-center variations using the latest IGS tables [Schmid et al., 2007] , and subsequent updates. For the later years when the number of stations increases significantly, we process the data in subnetworks of up to 40 sites, including 12 reference sites from the International GNSS Service (IGS) common to all subnetworks 10.1002/2014JB011779 (BDOS, BOGT, BRAZ, BRMU, CRO1, FORT, KOUR, MAS1, MDO1, NLIB, SCUB, WES2), and two additional common sites between subnetworks.
We identify discontinuities or offsets caused by changes in the instrumentation or to earthquakes by visually inspecting daily position time series. We account for these discontinuities in the velocity solution by allowing for a three-component offset while equating velocities before and after the offset. We remove some sections of time series with nonlinear deviation from the background trend due to postseismic deformation. This is, for instance, the case of 2009, M7.3, Swan Islands earthquake [Graham et al., 2012] , which caused significant coseismic and postseismic displacements at several GPS sites used here.
After this cleaning step, we combine the regional loosely constrained daily solutions with global daily solutions for the whole IGS network available from the Massachusetts Institute of Technology IGS Data Analysis Center into weekly position solutions. This helps improve signal resolution over the noise level and allows us to optimally tie our solution to the International Terrestrial Reference Frame (ITRF) [Altamimi et al., 2011] . We finally combine these weekly solutions into a single position/velocity solution using GLOBK [Herring et al., 2010b] , which we tie to the ITRF by minimizing position and velocity deviations from a set of globally defined IGS reference sites common to our solution via a 12 parameter Helmert transform (scale and scale change are not estimated). We downweight the variance of the height coordinates by a factor of 10 because of the reduced precision of the vertical component in standard GPS solutions. We estimate time-correlated noise at continuous sites using the First-Order Gauss-Markov Extrapolation algorithm of Herring, [2003 , see also Reilinger et al., 2006a in order to obtain realistic velocity uncertainties. For episodic sites, we include a 2 mm/ √ yr random walk component to account for colored noise in velocity uncertainties.
The resulting solution is a set of coordinates and velocities expressed in ITRF2008, which can then be used to model the regional kinematics. Velocity uncertainties vary as a function of observation time span and reach 0.5 mm/yr for the oldest stations that have close to 20 years of continuous data (e.g., CRO1, BRMU, BOGT, and SCUB). A number of important observations are readily apparent on the velocity field shown in Figure 2 with respect to the North American (top) and Caribbean (bottom) plates. The Caribbean plate moves in an ENE direction with respect to North America at about 19 mm/yr, while North and South America are converging toward each other at a very slow rate (<2 mm/yr) increasing from east to west. This implies frontal convergence along most of the Lesser Antilles arc, transitioning to oblique subduction to the north in the Greater Antilles and pure strike slip along the boundary with South America.
In a Caribbean frame, GPS sites on the Nicaragua Rise, the Venezuelan basin, and the Lesser Antilles show velocities that are within error of zero, with a weighted RMS of residuals of 0.5 mm/yr and a maximum residual velocity of 1.5 mm/yr. We also find velocities close to zero at GPS sites in Puerto Rico and the Virgin Islands, except for the recently installed CN03 site in Virgin Gorda, with however a slight but systematic pattern of counterclockwise rotation. We observe about 3 mm/yr of extension across the Mona Passage, consistent with findings from earlier GPS measurements and evidence for extensional faulting between Puerto Rico and Hispaniola [Gestel et al., 1998 ]. West of the Mona Passage in Hispaniola velocities show a N-S gradient consistent with strain accumulation on ∼E-W directed, strike-slip plate boundary faults. The velocity difference is about 10 mm/yr across the Septentrional fault in the northern Dominican Republic and 6 mm/yr across the Enriquillo fault in southern Haiti. We also observe a N-S gradient in velocities across the central and western parts of Hispaniola with up to 4 mm/yr of shortening. The velocity gradient across Jamaica is consistent with strain accumulation on east-west directed faults across the island [Benford et al., 2012b] . Along the southern boundary of the Caribbean plate, most of the Caribbean-South America relative motion is taken up by the El Pilar fault, then by the Bocono fault system farther to the west, while the Oca fault appears to accommodate slow relative motion between the Maracaibo block and the Caribbean plate.
Model Setup
We now model the observed GPS velocities by assuming that they represent the sum of rigid block rotations and strain accumulation on faults locked to a given depth in an elastic half-space. This approach, commonly called "kinematic block modeling," is widely used to analyze regional GPS velocity fields and quantify plate motions and slip deficit on locked or partially locked active faults [e.g., McCaffrey, 2002; Meade et al., 2002; Reilinger et al., 2006b; Saria et al., 2014] . Here we use the modeling approach and associated code "blocks" described in Meade and Loveless [2009] where active faults are treated as freely slipping at the full relative plate motion below a given seismogenic depth above which there are either locked or partially slipping. In both cases the fault elastic contributions are calculated using the classical back-slip approach [Savage, 1983] Locking depth (km) with Okada Green's functions in an elastic half-space [Okada, 1985] . Partially locked faults (in this case the subduction interface) are discretized using triangular elements. Continuity between fault elements and regularization of the solution are ensured by imposing a smoothing constraint that minimizes the Laplacian of the slip estimated along the fault plane. This method leads to a set of linear equations which allow for a welldefined solution. It also allows the plate interface to slip not only in the direction of the rigid differential block motion but also in the opposite direction to account for coseismic slip that could be associated with documented earthquakes, slow slip events, or postseismic deformation. A coupling coefficient can be calculated a posteriori by dividing the full relative plate motion by the estimated slip rate on each fault element.
Here we use the major known active faults as plate and block boundaries, following previous authors [Manaker et al., 2008; Benford et al., 2012b Benford et al., , 2012a . We treat all faults as locked to a given depth, except for the Hispaniola-Puerto Rico-Lesser Antilles subduction which we discretize with triangular elements on which we solve for slip. We determined the optimal fault locking depth by running a series of models with locking depth ranging from 5 to 25 km. We find the lowest 2 for a locking depth of 14 km (Figure 3 ), which we then impose in all model runs. This locking depth is consistent with the seismogenic depth on intra-arc faults along the Caribbean margin and other similar tectonic settings [Sanchez-Rojas and Palma, 2014; Miller et al., 2009 ]. We did not allow for the shallower locking depths proposed for the El Pilar fault [Jouanne et al., 2011; Weber et al., 2010] because our data set does not include sufficiently dense measurements in these regions to be sensitive to aseismic slip.
We derive the geometry of the subduction interface using its surface trace along the Lesser Antilles, Puerto Rico, and North Hispaniola trenches and the depth distribution of thrust earthquakes derived from the Engdahl et al. [1998] database (Figure 4) . We limit the downdip end of the partially locked subduction interface using theoretical isotherms of fore-arc thermal structure between Guadeloupe and Barbados [Gutscher et al., 2010; Manga et al., 2012] which place the 350 ∘ C isotherm, considered as the downdip limit of purely seismogenic behavior, at a depth of about 40 km [Hyndman, 2007] . We find that shallow seismicity generally defines a plate interface of fairly constant and low-angle dip down to 40-60 km, below which the dip angle increases as the subducting slab bends [Laigle et al., 2013] , as apparent in Figure 4 . We therefore use a single dip angle for each subduction segment. From the depth distribution of thrust earthquakes, we determine a plate interface dip of 20 ∘ north of Hispaniola, 25 ∘ along the Puerto Rico trench, and 16 ∘ for the Lesser Antilles. This latter value is consistent with seismic refraction data [Kopp et al., 2011; Laigle et al., 2013] at close distance to the trench. Therefore, we model the subduction as a curved fault with 20 segments of constant dip and a constant locking depth of 40 km (Figure 4) . Assuming a Moho depth of 25-30 km under the Lesser Antilles as imaged by Kopp et al. [2011] between Guadeloupe and Dominica, the 40 km downdip end of the plate interface in the models is located just below the tip of the mantle wedge and allows for "deep flat-thrust" earthquakes as identified by Laigle et al. [2013] .
Model Results
Our objective is to determine the best fit angular velocity for rigid block motions along the boundaries of the Caribbean plate to estimate the rate of interseismic strain accumulation on the major plate boundary faults. To do so, we ran a series of models with various block geometries starting with a single Caribbean plate and progressively complexifying the model geometry by fragmenting the plate boundaries into blocks ( Figure 5 ). We assess the improvement obtained by increasing the model complexity (more blocks, i.e., increased degree of freedom) by testing the significance of the decrease in 2 from a model . Earthquake focal mechanisms [Ekstrom et al., 2012] and locations [Engdahl et al., 1998] with fewer blocks to a model with more blocks using the F ratio statistics (e.g., Stein and Gordon, 1984) given by are the chi-square statistics of two models with p 1 and p 2 degrees of freedom, respectively. We compare this experimental F ratio to the expected value of a F(p 1 − p 2 , p 1 ) distribution for a given risk level % (or a 100 − % confidence level) that the null hypothesis (the decrease in 2 is not significant) can be rejected. We set the acceptable significance level to 99%, i.e., a probability of rejection less than 1%. Figure 6 shows the variation in 2 and its significance level from one model to the next (see also Manaker et al. [2008] . As expected, the improvement is significant well above the 99% confidence level, with much smaller residuals in Puerto Rico and Hispaniola, though still significant ones (3-4 mm/yr) in Jamaica. Model 3 further fragments the southern margin of the Caribbean plate with three blocks, Maracaibo, North Andes, and North Venezuela ( Figure 5 ). The improvement is again significant at the 99% confidence level, as expected given the known regional tectonics, with residual velocities for these blocks less than 1.5 mm/yr.
Model 4 splits the Hispaniola block into two microplates, with a Gonave microplate extending from the mid-Cayman spreading center to the Neiba-Matheux thrust front (NMF in Figure 5 ) across central Hispaniola following Benford et al. [2012b] . Velocity residuals decrease significantly in northern Jamaica and Hispaniola, in a See also Figure 6 . DOF = degrees of freedom, P = probability of rejection of the null hypothesis.
particular in the northern part of Haiti where they reach 2-3 mm/yr. However, this model predicts a large (up to 10 mm/yr) slip rate on the Neiba-Matheux faults, inconsistent with the lack of significant historical earthquakes on this structure and the subdued geomorphic expression of active deformation compared to the Enriquillo and Septentrional faults [Mann et al., 1995; Pubellier et al., 2000] . As shown by Benford et al. [2012b] with a sparser GPS data set, the location of the eastern boundary of the Gonave microplate is uncertain and could also be a broad zone of deformation across Hispaniola. We tested several locations for that boundary and obtained the lowest reduced 2 (2.047) for a trace that is coincidental with the Plateau Central-San Juan Valley area across Haiti and the Dominican Republic (perhaps the Peralta-Rio Ocoa belt of Heubeck et al. [1991] ). In this configuration (model 5), residual velocities are < 1 mm/yr for all GPS sites in Hispaniola. This location of the block boundary, with predicted slip rates < 4 mm/yr, is consistent with historical events in 1761, which caused severe damage in the Neiba-San Juan area, and 1911 (M6.9?), which destroyed the cathedral of San Juan and was strongly felt in Hinche and Grande Rivière in Haiti [Scherer, 1912] .
We then test a scenario (model 6) that further splits the northeastern Caribbean plate margin with an additional North Lesser Antilles block, following [Lopez et al., 2006] . We bound the block to the north by the Anegada passage fault and to the west by the strike-slip back-arc fault system described by [Feuillet et al., 2002] . We set its southern boundary to the latitude of Dominica which coincides with the intersection of the Lesser Antilles subduction with the North America-South America plate boundary [Pichot et al., 2012] . The reduced 2 improves slightly but with a confidence level less than 99% compared to a model that does not include that block (model 5, Table 1 ). Residual velocities are essentially unchanged compared to model 5. They are within observation errors for all GPS sites in the Lesser Antilles and do not show any systematic pattern. This therefore indicates that the existence of a North Lesser Antilles block separate from the Caribbean plate is not required by the GPS data.
We further test this result by computing a series of angular velocities for the Caribbean plate starting with the four sites used by DeMets et al. [2000] (SANA, ROJO, CRO1, and AVES), then adding one by one the best-determined GPS sites in the Lesser Antilles (velocity uncertainty <2.5 mm/yr). We use the F test described above to determine whether the null hypothesis-a model with or without a given site is similar-can be confidently rejected. We choose a conservative 99% confidence here. If the null hypothesis can be confidently rejected, then the site velocity is not consistent with the rigid plate rotation. We find that the null hypothesis can be confidently rejected for only three of the 42 reliable GPS sites in the Lesser Antilles (Figure 7) . Two of them (sites SOUX and PSA1), less than a kilometer from each other, are located near the top of the Soufrière volcano of Guadeloupe in an area affected by nontectonic deformation related to local hydrothermal processes and slope instabilities. The third one, site MPCH, was measured in survey mode only and has a short and discontinuous time series. We conclude that the GPS data are therefore consistent with a Lesser Antilles arc that moves coherently with the rest of the Caribbean plate, at the uncertainty level of the GPS errors (0.6 mm/yr Weighted Root Mean Square (WRMS)).
Model 5 predicts <1.2 mm/yr motion on the Anegada Passage fault system (Virgin Island basin, Anegada Passage s.s, and Sombrero basin) [Jany et al., 1990] and only up to 1.5 mm/yr of shortening across the eastern Muertos trough south of Puerto Rico. We therefore tested a model that merges the Puerto Rico and North We therefore conclude that the GPS data do not require a North Lesser Antilles block and are only marginally able to distinguish a Puerto Rico block separate from the Caribbean plate. This is already visible in Figure 2 and consistent with the very low slip rates predicted by model 5 along the eastern Muertos and Anegada Passage faults, close the GPS velocity uncertainties. However, because model 5 is still statistically superior and because active deformation is documented-though at an unknown rate-on the eastern Muertos and Anegada Passage faults, we will keep it as our best fit model thus far.
We then turn our attention to Jamaica, starting with model 5 which includes a single fault through central Jamaica, shows residuals within measurement errors north of that fault but large westward residuals south of it. Residual velocities at continuous GPS sites CN10 and CN11 (or their corresponding campaign sites MCAY and PEDR) offshore Jamaica on the Nicaragua Rise are, however, close to zero, consistent with the Caribbean plate motion. This indicates that the active fault responsible for residual velocities in southern Jamaica must lie somewhere between these sites and the island. We therefore replaced the central Jamaica fault by a southern Jamaica fault following the South Coastal and Aeolus Valley faults also tested by Benford et al. [2012b] as the boundary between the Gonave microplate and the Caribbean plate (model 9). This results in a much improved fit across Jamaica while residual velocities at sites CN10 and CN11 remain consistent with the Caribbean plate. We also tested the preferred block configuration of Benford et al. [2012b] (model 10) with a Nicaragua Rise block carrying sites CN10/CN11 (MCAY/PEDR) and bounded to the north by a central Jamaica fault. This model predicts small slip rates (< 1 mm/yr) on the central Jamaica fault and significant ones (up to 6 mm/yr) along the west, east, and south boundaries of that block. This is difficult to justify in the absence of significant offshore geological features capable of accommodating this large amount of displacement. The best fit model, therefore, emphasizes fault activity in the southern part of the island, consistent with the location of the largest historical earthquakes to strike Jamaica in 1692 and 1907 [Wiggins-Grandison, 2004 . However, given the uncertainties in the GPS velocities, this result does not preclude the existence of other seismogenic faults through and around Jamaica accommodating part of the Gonave/Caribbean relative motion.
Finally, we evaluate with model 11 whether the data require splitting the Caribbean plate into two subplates, for instance, along the eastern edge of the Beata Ridge as proposed by Leroy and Mauffret [1996] . We obtain a fit very similar to model 9. An F test shows that the null hypothesis that a two-plate model versus one-plate model are similar cannot be rejected at a significance level greater than 99%. We conclude that the current regional data set does not require splitting the Caribbean plate. Longer observational time series at continuous sites on the Nicaragua Rise, in particular, will be essential to confirm or refine this statement. 
Discussion
Best Fit Model
In the end, Figure 8 provides the best fit to the GPS data used here with the simplest block geometry required by the data. Velocity residuals are within measurement uncertainties at all sites and are randomly distributed, without systematic pattern (Figures 9 and 10 ). Estimated plate and block angular velocities (Table 2 and Figure 11 ) are well determined, thanks to the significant number of GPS sites available, except for the North Hispaniola block whose angular velocity estimate relies on a small number of sites over a small geographic footprint. Figure 11 ). We also find a Puerto Rico-North America angular velocity similar to that of Benford et al. [2012a] .
In the northern Caribbean, the best fit model predicts pure strike-slip motion along the EPGFZ (∼9 mm/yr), Septentrional (∼10 mm/yr), and Oriente (∼10 mm/yr) faults (Figure 8 ). These results are consistent with previous estimates [e.g., Manaker et al., 2008; Calais et al., 2010] . In addition, the model predicts significant shortening along the Enriquillo fault system through southern Haiti, with 5 to 7 mm/yr (west to east) of plate boundary-perpendicular motion. This is similar to-though slightly larger than-the results of the latest kinematic block model for the northern Caribbean by Benford et al. [2012a] . This new finding likely results from the significant improvement in GPS site distribution in Haiti and is consistent with the transpressional nature of the 2010 Haiti earthquake whose moment release was two thirds strike slip and one third reverse motion [Calais et al., 2010] .
The best fit model predicts slow N-S convergence (2 to 4 mm/yr from east to west) across the North Hispaniola fault, consistent with the source mechanisms of the 1946 ] and 2003 [Dolan and Bowman, 2004] Benford et al. [2012a] , although the two 95% confidence error ellipses do not overlap. The same holds for the Gonave-North America relative motion. The agreement between the two studies is, however, excellent for the Puerto Rico-North America angular velocity estimate.
reached by Manaker et al. [2008] , who however imposed earthquake slip vector directions as a constrain in the kinematic inversion. This result confirms the partitioning of the highly oblique convergence between the Caribbean and North America plate between intra-arc strike-slip faults and convergence at the plate interface . The model also predicts a moderate amount of convergence (∼1-3 mm/yr) across central Hispaniola along the boundary between the Gonave and Hispaniola microplate, possibly coincident with the Hinche-San Juan valley fault zone [Pubellier et al., 2000] or distributed over a broader region. This result should prompt additional geological work to try to identify paleoearthquakes in this supposedly aseismic region. Finally, the model indicates significant oblique shortening across the western part of the Muertos trough (∼5-6 mm/yr), consistent with active compressional structures well imaged by offshore seismic reflection data [Ladd et al., 1977; Granja Bruña et al., 2014] .
We find no evidence for internal deformation of the Puerto Rico-Virgin Island block at the ∼0.5 mm/yr level (RMS of residual velocities), consistent with the absence of significant active faulting [Frankel et al., 1980] . Holocene faulting within Puerto Rico reported, in particular, on the Cerro Goden-Great Southern fault zone [Grindlay et al., 2005a ] therefore has to be occurring on very slow slipping faults. The Caribbean-North America plate motion along that segment of the plate boundary is accommodated by oblique slip on the plate interface, consistent with slip vector directions of instrumental earthquakes (Figure 1) , though a portion of the plate boundary-parallel slip could be accommodated by the shallow Bowin and Bunce faults on the inner wall of the Puerto Rico trench [Grindlay et al., 2005b; ten Brink and Lin, 2004] . The partitioning of the oblique convergence between the Caribbean and North American plates into plate interface convergence and intra-arc strike-slip faulting, therefore, ceases as the plate boundary transitions from the oblique collision of the Bahamas platform with Hispaniola to the oblique subduction of old (> 100 Ma) lithosphere under Puerto Rico Mann et al., 2002; Grindlay et al., 2005a; Mondziel et al., 2010] .
The model predicts little motion (<1.4 mm/yr) across the Anegada Passage fault system while the relative motion between the arc and the North American plate remains constant in direction and magnitude. This holds all the way down the Lesser Antilles arc, where velocity residuals with respect to the Caribbean plate are within measurement errors at all reliable GPS sites (see section 4 above). This is also true for site BDOS on Barbados island, which has a 9 year continuous observation time span and is located on the emerged part of the old Antilles accretionary prism [Bangs et al., 2003] . The GPS data are not consistent with the 5 mm/yr motion of a northern Lesser Antilles rigid sliver proposed by Lopez et al. [2006] . They also exclude the slip partitioning model proposed by Feuillet et al. [2002 Feuillet et al. [ , 2010 with 5 to 10 mm/yr of distributed deformation throughout the northern Lesser Antilles. The observed active faults within the arc and forearc must therefore be accumulating strain at a rate of at most 1-2 mm/yr, the average residual of the best fit model in the Lesser Antilles.
Along the southern boundary of the Caribbean plate, the best fit model predicts pure strike-slip motion on the El Pilar fault in northern Venezuela at ∼18 mm/yr. Farther west the Caribbean/South America relative motion splits into 1.5 mm/yr of pure strike-slip motion on the Oca fault and 2-2.5 mm/yr on the left-lateral Santa Marta-Bucaramanga fault, while the bulk of the plate motion is accommodated by ∼12 mm/yr of right-lateral strike slip on the Bocono fault. Consistent with previous results, the Bocono fault also accommodates up to 3 mm/yr of shortening. The left-lateral strike-slip motion predicted by the model along the Santa Marta-Bucaramanga faults is at the low end of slip rate estimates from maximum ages of Quaternary offset features (0.2 mm/yr) [Paris et al., 2000] , paleoseismological studies at its northern termination (5-15 mm/yr) [ Diederix et al., 2012; Idarraga-Garia and Romero, 2010] , or earlier GPS results (6 ± 2 mm/yr) [Trenkamp et al., 2002] . The model slip rate for the Bocono fault is consistent with estimates of right-lateral strike-slip motion from paleoseismological investigations [Audemard et al., 1999 [Audemard et al., , 2005 . The model predicts ∼N-S convergence across the South Caribbean Deformed Belt at ∼3 mm/yr offshore northeastern Venezuela, transitioning to ∼5 mm/yr offshore central Venezuela, and ∼8 mm/yr offshore northern Colombia. These values are, however, not very robust because of the limited number of GPS sites available on the north Venezuela and Andes blocks.
Finally, we find a rotation pole for the relative motion between North and South America located in the central part of the Fifteen-Twenty Fracture Zone (Figure 12 ), close to the stage pole found by [Müller and Smith, 1993] for the 0-10.4 Ma period (17.2 ∘ latitude, −53.5 ∘ longitude), with a similar rotation rate (0.2 ∘ /Ma). This indicates that the South America-North America relative motion has not varied significantly over the past∼10 Ma.
Our model predicts about 1 mm/yr of present-day N-S shortening across the Barracuda and Tiburon ridges to the west, consistent with offshore geological data showing thrusting and thrust-related folding affecting Quaternary sediments along both ridges indicative of north-south compression [Patriat et al., 2011] . This prediction is in closer agreement with geological observations there than other recent estimates [DeMets et al., 2010; Argus et al., 2010] that predict a significant amount of strike-slip motion that does not appear in the offshore geological data [Pichot et al., 2012] . Our South America-North America rotation parameters also predicts up to 1 mm/yr of N-S plate divergence to the east, consistent with extension at the Royal trough [Roest and Collette, 1986] (see also one CMT focal mechanism at the Royal trough in Figure 12 ) and with a cluster of anomalous focal mechanisms off the mid-Atlantic ridge to the south and east that show N-S directed T axes [Escartin et al., 2003] .
Low Coupling on the Lesser Antilles Subduction
A robust and important output of the block models is the very low coupling estimated along the Lesser Antilles and Puerto Rico subduction interface ( Figure 13 ). Taken at face value, this would indicate that the 19 mm/yr of plate convergence builds little to no slip deficit on the plate interface (Table 3) . As for many subduction, GPS measurements on the island arc provide limited coverage of the plate interface, in particular at close distance to the trench. Trench to Island Arc distances, ranging from 175 to 250 km with a depth of the subduction interface beneath the arc ranging from 50 to 100 km, are however similar to Japan or South America, where locked sections of the plate interface do show strain accumulation at coastal GPS stations [e.g., Mazzotti et al., 2000; Loveless and Meade, 2010; Nocquet et al., 2014] .
As discussed above, the fact that the velocities of Lesser Antilles GPS sites are consistent with the stable Caribbean plate suggests a plate interface that is at least only partially coupled. This is shown on cross sections across the central (Guadeloupe) , northern (St Martin), and southern (Barbados) parts of the subduction (Figure 14 ) which compare the arc deformation predicted by the best fit model to that predicted using a plate interface fully locked to 40 km depth. It is apparent in Figure 14 that a fully locked plate interface would cause measurable deformation of the arc, in particular at the Desirade (Guadeloupe, site ADE0), St. Martin (site SMRT), and Barbados (site BDOS). These sites, as well as the ones more distal to the trench, show no evidence of elastic strain accumulation.
We ran resolution tests in order to determine the spatial resolution of the coupling ratio along the plate interface allowable by the data (Figure 15 ). To do so, we calculated slip rates on the subduction patches using the best fit block model and prescribed either full locking (i.e., slip rate = full relative plate motion) or no locking (i.e., slip rate = 0) in a forward model where we calculate predicted velocities at all GPS sites. We kept the same geometry as the best fit model for all synthetic models unless specified. We perturbed the predicted velocity using Gaussian white noise with a standard deviation of 0.5 mm/yr, consistent with the RMS scatter of the data to the block model. We then used this predicted velocity field, together with the observed velocity uncertainties, to solve for both rigid block motion and slip on the subduction patches.
We first seek to determine whether the data can resolve the lateral variation in the slip rate estimate in the best fit model, from 0 mm/yr north of Hispaniola (i.e., fully coupled plate interface) to close to the full relative plate motion rate along the Puerto Rico and Lesser Antilles subduction (i.e., uncoupled plate interface). We run three successive models where we prescribe uniform slip on the North Hispaniola fault (3 mm/yr), [Engdahl et al., 1998] , velocity magnitude at the GPS sites (red circles with 95% confidence error bar), velocity predicted by the best fit model (solid red line), and velocity predicted by a forward model where we impose full coupling on the subduction interface (dashed blue line). The misfit of the data to a fully locked plate interface is apparent on the three Lesser Antilles cross sections.
Puerto Rico subduction (19 mm/yr), and Lesser Antilles subduction (19 mm/yr) (Figures 15a-15c ). As shown in Figures 15d-15f , the data allow for the recovery of this spatial variability with some smearing at the segment edges. This shows that the transition from locked to unlocked from Hispaniola to Puerto Rico is resolvable by the data. It also shows that the data are sufficient to detect fully locked plate interfaces along each of the Hispaniola, Puerto Rico, and Lesser Antilles subduction segments. A similar test with alternating locked/unlocked segments of shorter length (∼200 km, Figures 15g and 15j) shows that the data can resolve small-scale variability on the North Hispaniola thrust but with significant smearing and poor resolution along the Puerto Rico and Lesser Antilles subduction segments.
We then seek to determine how well the available data can resolve along-dip variations in interplate coupling. To do so, we impose full locking or unlocking along the upper or lower half of the subduction interface. As shown in Figures 15h-k and 15i -l, the downdip resolution of the models is poor, a consequence of the distribution of sites on the island arc at more than 200 km from the subduction trench. We then ask whether offshore geodetic sites could improve the along-dip resolution of the estimated coupling and how many would be needed. We placed fictitious offshore sites at various distances to the trench and ran a series of tests where we impose full locking on the lower half of the subduction interface ( Figure 16a ). As expected, the resulting resolution varies greatly with the number of sites and their distribution. With 20 GPS sites uniformly distributed on top of the subduction interface, we obtain a good along-dip resolution with some smearing in regions where the space between the GPS sites become large. The resolution is still acceptable with 10 GPS sites (Figure 16d ) and becomes poor with five only sites. We conclude that low coupling (0-10%) along the Lesser Antilles/Puerto Rico section of the Caribbean-North America plate interface is a robust feature of the model, although one cannot determine the depth distribution of coupling with confidence. Stein et al. [1982] first pointed out the lack of significant thrust faulting earthquakes (M > 7) in the Lesser Antilles in the historical and instrumental record, which they interpreted as indicative of an uncoupled and aseismic subduction where only a small fraction of the slip occurs as interface thrust earthquakes. Although there are a few moderate magnitude (4 < M < 6.5) thrust events on, or close to, the plate interface, all magnitude greater than 6.5 events in the region have a normal faulting mechanism (Figure 1 ). are also normal faulting events that occurred in the distal part of the accretionary prism (close to the trench) at depths of 12 and 14 km, respectively. According to the seismic refraction profile reported in Kopp et al. [2011] , these extensional events could have occurred in the lowermost part of the accretionary wedge.
The largest historical earthquakes in the Lesser Antilles in 1690 and 1843 [Robson, 1964] are both reported to have reached an intensity of 10 [Dorel, 1981] . The magnitude of the better documented 1843 event has been estimated 7.5 to 8.0 [Bernard and Lambert, 1988; ten Brink et al., 2011 ], 8.0 to 8.5 [McCann et al., 1982 , 8.5 [Feuillet et al., 2001] , or greater than 8.5 [Hough, 2013] . Because of its magnitude and location at a subduction plate boundary, this earthquake, which did not cause a tsunami, is often interpreted as a thrust event on the plate interface [McCann and Sykes, 1984b; Bernard and Lambert, 1988] though no direct evidence for this is available. If this event is indeed a thrust, then the very low slip deficit on the subduction interface inferred from GPS data implies that similar events have a long recurrence time. Using the empirical relations between average slip and moment magnitude [Wells and Coppersmith, 1994] , we find a recurrence time of 2000 years for M w 8.0 events and 3 mm/yr of average slip on the subduction interface. Alternatively, the 1843 event may have had a source mechanism similar to its large normal faulting neighboring events of 1969 (M s 7.5), 1974 (M s 7.4), and 2007 (M w 7.4). A similar depth range of 40-140 km would explain the lack of a tsunami and the lack of substantial coseismic uplift reported [Bernard and Lambert, 1988] .
The low coupling inferred here for the Lesser Antilles subduction bears similarities with a similar result at the Hellenic subduction, where Vernant et al. [2014] find that strain accumulation on the plate interface accommodates <20% of the Nubia-Aegean convergence rate. The context is interestingly similar, with a ∼900 km long arcuate subduction, a slow convergence rate (∼3 cm/yr), and the subduction of old (>100 Myr) and dense oceanic crust. Slab-pull and rollback of the subduction have been invoked as a mechanism that reduces the normal stress acting on the plate interface and facilitates aseismic slip [Scholz and Campos, 1995] . This mechanism would be consistent with the pervasive normal faulting documented throughout the northern half of the Lesser Antilles arc [Feuillet et al., 2002] . Alternatively, Wallace et al. [2012b] propose that fluid overpressure, because it reduces frictional strength of faults, lowers the depth of the transition from frictional to viscous behavior. As a consequence, subduction zones experiencing significant fluid overpressure should be locked to greater depths than those where high permeability prevents overpressure to develop. These authors propose that the former (e.g., highly overpressured, deep locking) would occur in regions of upper plate contractional tectonics, while the latter (e.g., more permeable upper plate, less overpressure, and shallower locking depths) would correspond to an extensional stress regime in the forearc. A correlation is indeed observed between along-strike transition from locked to creeping subduction and a coincidental transition from compressional to extensional stress regime in the upper plate in New Zealand, Japan, and Vanuatu. The same observation holds in the Caribbean, where the transition from upper plate contraction to extension between Hispaniola and Puerto Rico also corresponds to the transition from deep interseismic locking to aseismic creep on the plate interface. Mechanical models, beyond the scope of the present study, are now needed to test this hypothesis.
The Lesser Antilles subduction has been compared with the Tohoku segment of the Japan subduction, which ruptured on 11 March 2011 in a M w 9.3 earthquake. Both share seismicity in the mantle wedge (mostly normal faulting) and thrust events at the plate interface just below the mantle wedge [Laigle et al., 2013] . Recent studies show that the Tohoku rupture may have extended under the mantle wedge, which somewhat broadens
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the width of the seismogenic zone [Koketsu et al., 2011] . However, full and deep interseismic coupling was documented by GPS measurements along the Tohoku segment before the March 2011 earthquake [Mazzotti et al., 2000; Loveless and Meade, 2010] , a characteristic that is opposite to the findings reported here for the Lesser Antilles subduction.
Conclusions
We have assembled an up-to-date GPS velocity field for the Caribbean plate and its boundaries with North and South America which we used to quantify the kinematics of active deformation in the region. Our results confirm several earlier findings, in particular for the Caribbean-North America plate boundary, and extend them to the Lesser Antilles and the Caribbean-South America boundary. A new key finding is the low coupling required by the GPS data along the Lesser Antilles subduction interface, which was previously poorly resolved.
As a consequence, seismic hazard associated with strike-slip plate boundary faults along the northern and southern margins of the Caribbean plate is at least as important as the threat posed by the subduction plate interface in the Lesser Antilles. This seems to be reflected in the distribution of large historical earthquakes in the region [Stein et al., 1982] . Under the paradigm that the magnitude of large earthquakes depends on the slip deficit accumulated on a potential rupture of sufficient area, the very low seismogenic coupling found here on the Lesser Antilles subduction allows at most one M8 earthquake every 2000 years, or one Tohoku-size event every 3500 years.
The limited coverage of GPS measurements in the region calls for additional sites where still possible, though significant progress has been made in the framework of the COCONet initiative [Braun et al., 2012] . Given the oceanic nature of most of the Caribbean plate boundaries, offshore geodesy appears to be a viable way forward, though the implementation cost may be large. In addition, systematic efforts to obtain a reliable catalog of paleoearthquakes in the region is the key to our understanding of the regional seismic and tsunami hazard.
